AbSTRAcT. The vasculature of the hemal node (HN) from the bovine cervical region was investigated using a combination of vascular corrosion casting and scanning electron microscopy. A dense vessel network of capsule was found surrounding the cast of HN parenchyma and had no connection with the subcapsular sinus; these vessels converged and exited the HN via the hilar vein. Within the HN, many anastomoses were found between the capillary networks and the surrounding sinuses in the follicular zone and deep cortex. The sinusoid pathway in the HN was characterized by subcapsular sinuses, which were continuous with the trabecular sinuses and tubular sinuses over the parenchyma, and these sinuses finally entered the medullary veins. In our study, direct communications between cortical capillaries and subcapsular sinuses were identified. This may explain the origin of numerous erythrocytes in the HN sinusoids and help to understand lymphocyte migration of the HN. The hemal node (HN) appears to have a lymphoid structure, in which sinuses filled with erythrocytes are present in place of lymph sinuses. HNs are independent lymphatic organs that exist in various mammalian species and also in some birds [1, 4, 9, 20, 24, 25] . Gibbes [10] described the presence of HNs in humans for the first time in 1884, and they were named by Robertson [19] in 1890. Since then, contradictory views have been held about their function and general biological significance [4, 9, 20, 25] . In recent years, some new concepts have been proposed for the function of HNs including erythrophagocytosis, erythropoiesis, platelet formation and immune cell activation [4, 5, 21] . An understanding of the HN vascular system is essential, because lymphoid tissue in HNs may play an important role in immune function. The technique of vascular corrosion casting (Vcc) combined with scanning electron microscopy (SEM) can provide information on the three-dimensional structure of the HN and make it possible to study the HN vasculature in detail. Since previous studies of the HN vasculature were performed in rats [3], we undertook a study of the HN from the bovine cervical region to define its vascular architecture using a combination of Vcc and SEM.
The hemal node (HN) appears to have a lymphoid structure, in which sinuses filled with erythrocytes are present in place of lymph sinuses. HNs are independent lymphatic organs that exist in various mammalian species and also in some birds [1, 4, 9, 20, 24, 25] . Gibbes [10] described the presence of HNs in humans for the first time in 1884, and they were named by Robertson [19] in 1890. Since then, contradictory views have been held about their function and general biological significance [4, 9, 20, 25] . In recent years, some new concepts have been proposed for the function of HNs including erythrophagocytosis, erythropoiesis, platelet formation and immune cell activation [4, 5, 21] . An understanding of the HN vascular system is essential, because lymphoid tissue in HNs may play an important role in immune function. The technique of vascular corrosion casting (Vcc) combined with scanning electron microscopy (SEM) can provide information on the three-dimensional structure of the HN and make it possible to study the HN vasculature in detail. Since previous studies of the HN vasculature were performed in rats [3] , we undertook a study of the HN from the bovine cervical region to define its vascular architecture using a combination of Vcc and SEM.
All animal procedures were approved by the Institutional Animal care and Use committee of the University of Miyazaki. Japanese black calves (3-8 months of age, n=10) were obtained from local farms in Miyazaki Prefecture. The HNs (n=30) along the deep cervical artery were collected with surrounding tissue and cannulated with a fine needle after isolation of the ascending arteriole under a stereomicroscope. The HNs were injected according to the previous reports [3, 18] . Briefly, after flushing with warm heparinized saline, 2-3 ml resin (Mercox II Kit, Ladd Research, Williston, VT, U.S.A.) was injected into the HN slowly using a disposable syringe. For polymerization of the resin, the HN with some surrounding tissue was immersed in hot water (60°c) for at least 15 min immediately after resin injection. All tissue surrounding the resin cast was removed by digestion in 1% NaOH solution for 24 hr. Then, after washing in hot tap water (50-60°c) for at least 10 min, the specimen was immersed in 1% sodium hypochlorite solution for another 24 hr, followed by washing in hot tap water. These digestion steps were repeated over several days, and when all tissue was removed, the cast was rinsed several times in distilled water and air dried. The cast was then mounted on an SEM stub, sputter coated with gold (Ion Sputter E-1030; Hitachi, Co., Ltd., Tokyo, Japan), and then observed under scanning electron microscopes (SEM-4100, Hitachi, Co., Ltd.; JSM-6390, JEOL Datum Ltd., Tokyo, Japan). Except in the cases of incomplete injection of two HNs and one broken cast because of misoperation, all casts of HNs from the bovine cervical region showed consistent basic vasculature.
Resin casts of the blood supply: The cast of HN parenchyma was surrounded by a fine network of capsule vessels with various diameters and branching patterns (Fig. 1a, 1b  and 1c ). In the capsule, the arterioles ran along with the venules, partly interweaving with each other, and a branched venous network converged to leave the HN via the hilar vein ( Fig. 1b and 1c) . Unlike normal lymph nodes in which the hilus usually showed a concave appearance, the position of the HN hilus could only be identified by the supplying vessels, where it had a relatively smooth, flattened or convex surface ( Fig. 1c and 1d ). The vessels of the capsule entered into the parenchyma of the HN along with the trabeculae processes, and these vessels finally connected with the medullary sinuses but never drained into the subcapsular sinuses ( Fig. 1d and 1e ). Other vessel branches of the HN penetrated into the parenchyma and formed dense capillary networks in the follicular zone and deep cortex (Figs. 1f, 2a and 2b) . The connections of capillaries and subcapsular sinuses in the follicular zone were observed (Fig. 2a) , and in the deep cortex, many capillaries also drained into surrounding tubular sinuses (Fig. 2b ). There were usually two or more arterioles supplying the lymph follicles of the HN. The capillaries of the lymph follicles formed dense plexuses, and most of them opened into adjacent subcapsular sinuses (Fig. 2c) .
Resin casts of the sinusoid pathway: The subcapsular sinuses of the HN showed a convex-shaped layer, which penetrated the parenchyma of the HN either to join the medullary sinuses or to become continuous with a system of tubular sinuses in the cortex. Ultimately, all sinuses converged into the medullary veins ( Fig. 1d and 1e) . The cast layer of subcapsular sinuses outlined the shape and dimensions of the HN; many dome-like protrusions indicated the position of the lymph follicles (Fig. 2d) . Many small, delicate sinuses in the deep cortex were found between the tubular sinuses and venules, and these venules jointed the medullary vein (Fig.  2e) . The surfaces of the medullary veins in the cast had distinctive endothelial impressions, which were different from the surfaces of the arteries. These medullary veins formed the venous tributaries of the hilar vein and finally exited the HN (Fig. 2f) .
The main structure of the vascular system in the HN of the bovine cervical region is shown schematically in Fig. 3 .
The three-dimensional view of the HN from the bovine cervical region was clearly demonstrated by the corrosion cast. The vascular models were analyzed both by inspection of the outer vasculature and by sectioning the cast to show the architecture of the inner vasculature. The parenchyma of the HN was surrounded by a dense vessel network of the capsule. Unlike the regular arrangement of arterioles and venules in this network, the capsular vessels in the cast of rat HN was bundle-like and had large interspaces [3] . The numerous vessels in this network may well be associated with the thickness of the bovine HN capsule. These vessels increased the surface area of the HN, and this might act as a reservoir for erythrocytes; contraction of the capsule can expel these erythrocytes into the circulation when needed. The presence of venules from the capsule suggests blood leaves the bovine HN through a series of venules that eventually converge and exit the HN via the hilar vein. As in the spleen, they might originate from blood sinuses and reach the capsule via the adjacent trabeculae [6] .
The mechanism by which erythrocytes enter the node is still controversial. The earlier opinion was that erythrocytes entered the rat HN by reflux via lymphaticovenous communications, but this was discounted based on the presence of venous valves and the pattern of erythrocyte distribution [2, 14] . Some studies showed that erythrocytes entered the rat HN via afferent lymphatics, and this argued strongly against any direct communication between blood vessels and sinuses [8, 13, 16] . However, those findings were refuted by studies that failed to find afferent lymphatics and found no erythrocytes in the few afferent lymph streams [17, 20] . In our previous study, we could find neither afferent nor efferent lymphatics in bovine HNs [23] , and this denied the possibility that erythrocytes came from the lymphatic system. Jordan [15] described the HN as a hemopoietic organ that could produce erythrocytes within the node, and evidence of erythropoiesis was shown by cerutti and Guerrero [5] , but no erythrocyte precursors were seen in any of the nodes examined by Turner [20] . No evidence of direct communication between the vascular and sinus systems was obtained from cast studies of the rat HN [3] . However, our study showed opposite results, because many anastomoses were found in the cortical capillaries opening into the blood sinusoids in the follicular zone and deep cortex of the bovine HN. Therefore, this route is probably one of the main sources of erythrocytes in the HN sinuses. In addition, within the normal lymph node, the deep cortex unit is a functional entity that allows contact and activation of lymphocytes by antigens or cytokines [18] , so the capillary networks associated with the adjacent sinuses in the deep cortex of the bovine HN may suggest a similar immunological role in facilitating immunological interactions.
In the casts of bovine HNs from the cervical region, the presence of sinusoids could be taken as evidence of another pathway for blood flow. The subcapsular sinus of the HN was shown to be always engorged with numerous erythrocytes and had a variable size [18] . In our research, there were many sieve openings in the cast of this sinus, and these perforations may due to large reticular processes and numerous small trabeculae [3, 25] . From the casts, the subcapsular sinus penetrated into the parenchyma along with the trabecular sinuses and partly connected with the tubular sinuses, and these tubular sinuses seemed comparable to the lymph labyrinths described by He [11] , which were located between the cortical capillaries and medullary sinuses and thought to be closely associated with the lymphocyte recirculation in the lymph node. The tubular sinuses developed well in the cortex, and this might be important for erythrophagocytosis and lymphocyte transport in HNs [12] .
According to the classification of Weller [22] , the node we examined in the bovine is an HN, as it possesses abundant blood sinusoids, without any afferent or efferent lymphatics, similar to that in buffalo and sheep [7, 25] . Our study identified the anastomoses between cortical capillaries and sinusoids in the bovine HN from the cervical region for the first time, but the classification of capillaries in the HN and the migration mechanisms for erythrocytes and lymphocytes remain unclear and will need to be resolved with other methods in further studies. 
